Involvement of kappa opioid receptors in the formalin-induced inhibition of analgesic tolerance to morphine via suppression of conventional protein kinase C activation.
Repeated morphine treatment results in a decreased analgesic effect or the development of analgesic tolerance. However, we reported that some inflammatory chronic pain may inhibit morphine tolerance via kappa opioid receptor (KOR) activation. In this study, we further investigated the role of KOR in the inhibition of morphine tolerance in a chronic pain condition with a focus on the regulation of protein kinase C (PKC) activity. Chronic pain was induced by formalin treatment into the dorsal part of the left hind paws of mice. The analgesic effect of morphine was measured by the tail flick method. We analysed the protein expression of PKC and its activity, and G-protein activity of mu opioid receptor (MOR) under repeated morphine treatment with or without formalin treatment. We found that conventional subtypes of PKC (cPKC) were up-regulated by repeated morphine treatment. Also, antisense oligonucleotide (AS-ODN) targeting cPKC completely suppressed the development of morphine tolerance. The disappearance of the repeated morphine-induced up-regulation of cPKC was completely reversed by treatment with AS-ODN targeting KOR. In addition, AS-ODN targeting KOR significantly reversed the chronic pain-induced down-regulation of PKC activity or up-regulation of MOR [(35)S]GTPgammaS binding activity after repeated morphine treatment. These results indicate that KOR plays an important role in the inhibition of repeated morphine-induced cPKC up-regulation under chronic pain condition. Furthermore, this may result in the increase of MOR activity and in the inhibition of morphine tolerance under chronic pain condition.